The main objectives of the Mopest project (acronym of Models for pest"s epidemiology: review, documentation, and evaluation for Pest Risk Analysis) were to carry out a review and to produce an inventory of the models describing the establishment, development, and / or spread of plant pests on crops in Europe. This inventory should support the EFSA Panel on Plant Health in providing independent scientific advice on the risk of the spread, establishment, or development of organisms (plant pests) harmful to plants, plant products, or biodiversity; therefore, the inventory considers those models that can be potentially used for accurate and robust quantitative prediction of pest risk through the use of variables related to climate and / or plant growth and development as input factors. A protocol was developed for reviewing literature sources describing models relevant to the Mopest project. This protocol includes: i) a search strategy for retrieving information sources; and ii) a series of descriptors (metadata) that describe each source. The search strategy was developed according to the principles of the "systematic literature review". About 200 metadata were defined for describing each model included in the inventory; international standards and codes were used whenever possible. The protocol was implemented in a user-friendly web-portal. The webportal was designed to facilitate the on-line entry of new models and the on-line modification or updating of the existing ones. The web-portal also makes it possible to search the models within the inventory by using both basic and advanced search procedures, and to summarize results in a clear and concise way. A database was developed containing models related to wheat pests and quarantine pests for Europe as listed in the EPPO A1 list. About 200 models were entered in the web-based portal.
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Background
The spread, establishment, or development of organisms harmful to plants, to plant products, or to biodiversity could have great economic or social consequences. The prevention of introduction of plant pests into the European Community is a mayor task of the EC-directive 2000/29/EC, which defined protective measures. Plant models combining climatic data and plant growth and development with the characteristics of plant pathogens or insect pests may also provide valuable information about the potential spread, the establishment, or the development of the harmful organisms. The use of geographical, meteorological, climatic, and / or remote sensing data is a well-established technique for producing risk maps and has already been applied to plant health situations.
Unfortunately, the methods and terminology used for plant pest risk assessment vary widely, and there is an ongoing development of new modelling approaches (EFSA 2008a,b; USDA 2007) . Thus, there is a growing need for: i) assessment, documentation, and classification of pest risk models; ii) exploration of possible map representations of pest risks; iii) description of evaluations and uncertainties of the existing models; and iv) requirements on input data and parameters for future applications.
Concerning the first point (i) in the previous paragraph, EFSA called for proposals (CFP/EFSA/AMU/2008/01, "Systematic review of pest risk models using climatic data and plant phenology") to establish an inventory of quantitative models describing the spread, establishment, or development of plant pest on crops in Europe, with climatic data and / or plant phenology to be included as input factors. Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
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Terms of reference EFSA sought proposals for establishing an inventory of quantitative models describing the spread, establishment, or development of plant pests on crops in Europe including geographical, climatic data, and / or plant phenology as input factors. According to the call for proposals, the inventory work should focus on model structure, used parameters, and data sets rather than on concrete applications for specific diseases, pests, or crops. To restrict the inventory to the most applicable models for actual predictive measurements, only models including climatic data and / or plant phenology as input factors should be considered.
So that information about different models can be compared and is presented with a clear and transparent structure, the inventory should provide the following information about the models:
− description of outcome variables (qualitative, quantitative, hazard, probability, economic, or social loss) and the objective of the modelling exercise (description, prediction, intervention, identification of influencing factors, sensitivity, etc.);
− description of the scope and application limits of the model (hosts, plants, pests, region, time frame (season, life cycle), regional and temporal aggregation, etc.); definition and justification of assumptions underlying the model;
− description of the assessment method (static, dynamic, mechanistic, or statistical), the concrete model with estimated input parameters and the algorithm to obtain the results, including selection criteria if applicable;
− requirements on possible input variables (including geographical, meteorological, climatic data, microclimate, plant phenology, environment, regional data, area of cultivation, remote sensing data) for forthcoming applications or predictions;
− description of parameters and primary data sets (objective of collection, content, accessibility) and empirical verification (expert judgment, laboratory trials, observations, transfer models, etc.);
− description of the model validation procedure and of the remaining uncertainty concerning the outcome variables (qualitative / quantitative measures).
Similar applications should be compared, classified, and brought together. This work would require the assembly of a structured, electronic inventory of the selected and analyzed models, which could be continuously updated. A precondition of this inventory is a systematic review of relevant published literature on pest risk models that use climatic data and / or plant phenology as input factors. The review should include peer-reviewed articles as well as reports from competent authorities or organizations published before December 2008.
Introduction and Objectives
Pest risk analysis (PRA) is the process of evaluating biological or other scientific and economic evidence to determine whether a pest should be regulated and to determine the strength of any phytosanitary measures to be taken against it (ISPM No. 5). PRA includes: i) initiation of the pest risk analysis; ii) pest risk assessment; and iii) pest risk management (ISPM No. 2).
In the European Food Safety Authority (EFSA), risk assessment is carried out independently from risk management. The EFSA Panel on Plant Health provides independent scientific advice on the risk posed by plant pests that can be considered harmful to plants and plant products or that can affect biodiversity in the EU. The Panel produces scientific opinions and advice to provide a sound foundation for the European decision makers. Currently, by request from the European Commission (EC), the Panel reviews pest risk assessments made by third parties on pests claimed by the original risk assessors to be harmful in the meaning of the Council Directive 2000/29/EC. This review of risk assessments requires a very large amount of information on the pest itself: the situation in its current area of distribution; its pathways of movement across the world; the factors affecting its establishment, spread, and impacts in the area under threat; and the measures available for its management. The spread, establishment, or development of organisms harmful to plants, to plant products, or to biodiversity might have great economic or social consequences. The prevention of introduction of plant pests into the European Community is a mayor task of the EC-directive 2000/29/EC, which defined protective measures.
Mathematical models combining weather / climatic data and plant development / growth with characteristics of plant pests produce information about the establishment, the spread, or the development of the harmful organisms. Recent developments in botanical epidemiology, modelling techniques, automatic data processing, as well as in the possibility of combining model outputs with geographical information systems or remote sensing data to produce risk maps, make modelling and simulation a very useful approach for estimating risk within the PRA (Rossi, 2008) .
Models combining environmental data, plant characteristics, and pest characteristics have been developed since the middle 1900s. The first models were developed following an empirical approach, with simple tools showing relationships between particular stages of the pest and the concomitant weather conditions. Developments in weather monitoring and automatic data processing, as well as an ongoing development of new modelling approaches, increased the number of models and their complexity. To date, several hundred pest models have been developed to identify the factors influencing pest development, describe the pest life cycle, simulate or predict pest outbreaks, or develop decision-making tools for pest control. These models incorporate all information necessary to obtain accurate information; they concern the host (host growth stage, development, or resistance to the disease), the environment (meteorological conditions, soil characteristics, or cultural practices), and the pest (biological, ecological, and epidemiological characteristics). Selection of information to include in the model is crucial: reducing information could reduce accuracy, while increasing information could increase complexity, time, and costs in both model elaboration and use. The goal is to include in the model only that significant and essential information that accounts for Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
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A number of these models can be potentially used in PRA. Because approaches, methods, and terminology used in these models vary widely, a clear and transparent review of the published models is needed in order to select the relevant models to be used in PRA. Pest models have been reviewed and classified in several ways. For instance, Campbell and Madden (1990) distinguished models with regard to whether: i) information on host, pest, and environment is used in model development; ii) pre-or post-planting models are developed; iii) empirical or fundamental information is used in developing the model; and iv) specific characteristics of pests (e.g., initial population level and the rate of development) are used as the basis for forecasts. Madden and Ellis (1988) distinguished empirical and fundamental models. Empirical models result from the observation and the analysis of current and historical data on pests and factors affecting pests in the field, whereas fundamental models result from specific experiments carried out in controlled environments or in the field to describe the effect of environment on one or more aspects of the pest. Many empirical models have a fundamental basis, and fundamental models usually have many empirical elements. Although models often combine these approaches, the two main approaches, empirical and fundamental, have been undoubtedly followed in developing pest models. Empirical models can be further differentiated based on the kind of analysis performed on the set of historical data, ranging from no statistical analysis, to parametric, non-parametric, and stochastic analyses. The approach used in developing a model greatly affects model performance, especially with regard to model accuracy under different environmental conditions. Some relevant works published on this topic are listed in the References Section.
Based on the these considerations, there is a need to develop an efficient methodology for retrieving models that can be potentially used in PRA and for documenting these models in a clear and transparent manner. In particular, the following information on pest models must be considered: i) scope and application limits of the model: hosts, plants, pests, spatial, and temporal scale; ii) model type: descriptive vs. analytical, empiric vs. mechanistic, static vs. dynamic; iii) relational diagrams and flow charts describing the model theory and structure; iv) input parameters and variables, methods for measurement and/or assessment, geographical and temporal scales; v) assumptions underlying the model: definition and justification; vi) algorithms used for running the model to obtain the output; vii) model output: qualitative, quantitative, hazard, probability, economic or social loss, possible map representation, etc.; viii) intended use of model output: identification of influencing factors, description, simulation, prediction, decision-making, precision farming, etc.; ix) validation and verification of the model output vs. real data: methods for collecting real data, procedures for validation, level of uncertainty; x) sensitivity analysis to determine how parameters and variables influence model output; xi) availability of computerized versions of the model and programming languages used; xii) practical applications of the model at present; and xiii) possibilities for future applications of the model.
The main objective of the Mopest project was to carry out a review and to produce an inventory of the models describing the establishment, development, and / or spread of plant pests on crops in Europe. To meet these objectives, three main activities were planned within
Mopest
The present document has been produced and adopted by the bodies identified above as author(s In WP1, two specific tools were developed: i) a protocol for reviewing literature sources, websites, and computer programs that describe models of interest for Mopest, and for documenting these models in an efficient, transparent, and comparable manner; ii) a userfriendly web-based portal for storing model information, searching models within the inventory, and extracting and accessing model documentation in a rationale, effective, and rapid manner. In WP2, the two tools developed in WP1 were tested through a feasibility study for wheat pests, while in WP3 an exhaustive review for the pests included in the EPPO A1 list was performed (Fig. 1) . 
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Project results
The three main results obtained from the Mopest project were: i) a structured, flexible, and transparent protocol for retrieving and reviewing pest models and for documenting these models in an efficient, transparent, and comparable manner (WP1); ii) a user-friendly webportal for storing, updating, evaluating, and searching the information related to the models present within the inventory via the Internet (WP1); and iii) a database containing the models related to key pests of wheat (WP2) and to the quarantine pests on the EPPO A1 list (WP3). -Define the metadata describing this information (see Section 1.2.3).
WP1: Tools for systematic literature review
-Prepare a protocol for systematic collection of model information (i.e., reviewing) (see Section 1.1.3 and 1.1.4).
1.2
Develop structure of the web-based portal -Design and create a database for storing the information from the review of the pest models (see Section 1.1.4).
-Develop the structure of the web application (see Section 1.2.2, 1.2.3, and 1.2.4).
1.3
Agree the results with EFSA -Discuss the results obtained in Tasks 1.1 and 1.2.
-Identify possible gaps in provided information for actual applications by EFSA in plant pest predictions / risk assessment.
-Modify and improve protocol and structure of the web-based portal accordingly.
Protocol for literature review
A protocol was developed for reviewing literature sources (i.e., peer-reviewed journals, proceedings, reports from competent authorities/organizations), web-sites, and computer programs that describe models of interest for Mopest. The goal of the protocol was to ensure that reviews were conducted in a structured, transparent, and efficient manner. This protocol 12 includes: i) a search strategy for retrieving information sources based on the principles of "systematic literature review"; and ii) a series of descriptors (metadata) that describe each source.
Principles of systematic literature review
The search strategy of Mopest was developed according to the principles of the "systematic literature review". Initially, a bibliographic search was carried out about the systematic review principles and methods. This was done to clarify how the Mopest inventory should work and to identify a possible road map for building the model review.
Principles of systematic review were developed by The Cochrane Collaboration (www.cochrane.org) to help people make well-informed decisions about health-care interventions. Such principles are needed because a very large amount of information or evidence and a lack of time, skills, and resources make it difficult to find, appraise, and interpret this evidence. The aim is to identify, appraise, and synthesize research-based evidence and present it in an accessible format (Mulrow, 1994) . This systematic and explicit approach for making judgements about the quality of evidence and the strength of recommendations reduces errors, facilitates critical appraisal of these judgements, and improves the communication of this information.
A systematic review attempts to collate all empirical evidence that fits pre-specified eligibility criteria in order to answer a specific research question. It uses explicit, systematic methods that are selected to minimize bias and thus to provide reliable findings from which conclusions can be drawn and decisions made (Antman, 1992; Oxman & Guyatt, 1993) . The key processes of a systematic review are cataloguing and analysing. Cataloguing includes: definition of a clearly stated set of objectives with pre-defined eligibility criteria for studies; an explicit, reproducible methodology; and a systematic search that attempts to identify all studies that would meet the eligibility criteria. Analysing includes: an assessment of the validity of the findings of the included studies (for example, an assessment of risk of bias), and a systematic presentation and synthesis of the characteristics and findings of the included studies.
Given the specific theme of the Mopest inventory, the analyses of each pest model must answer two questions: i) Has the model been tested in different environments (locations x years)? and ii) How does the model perform relative to other models for the same pest? The systematic review for answering these questions requires that the same evaluation methods were used in the original research and/or that the original data are available and can be analyzed ex-novo using the same evaluation methods. Both of these requirements are difficult to meet because there are only few cases in literature where the same model was evaluated in different environments and because often only one or two models have been developed for the same pest, and in most of these cases, these concern pests of worldwide relevance (which are of minor interest for PRA). A concrete example of the problem in analysing and comparing models is provided by grape downy mildew (a disease of grape caused by Plasmopara viticola). This disease has a worldwide distribution, and several epidemiological models have been developed in different countries (10 grape downy mildew models have been documented in literature). These models focus on different stages of the pathogen life cycle: five of them
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focus on primary infections, three on secondary infection, and two on both primary and secondary infections. Outputs of these models are very different, even among those models focused on the same objective. Thus, they produce different outputs (date of infection vs. date of symptom onset), they use different infection risk indices (percentages vs. empirical numbers), and they use different units for describing epidemic progress (number of lesions vs. an empirical index). In this case, it is impossible to fulfil at least one of the two abovementioned research questions, i.e., i) the authors have seldom validated their own models in different grape-growing areas, and ii) grape downy mildew models have different outputs that prevent comparison in a systematic review.
Based on these considerations, the search strategy of Mopest was developed according only to the cataloguing principles of the systematic literature review. In particular, protocol guidelines for retrieving sources were defined, so that all searches would be based on:
− a clearly stated set of objectives with pre-defined eligibility criteria for selecting information sources to be included in the inventory (see Section 1.1.2);
− a systematic search strategy that attempts to identify all sources that would meet the eligibility criteria (see Section 1.1.3).
Eligibility criteria
The eligibility criteria for items to be included in the Mopest inventory were directly drawn from the project call CFP/EFSA/AMU/2008/01. These items must:
− concern models describing the establishment, development, and/or spread of plant pests on crops in Europe; in this context, the term "pest" includes any species, strain, or biotype of plant, animal, or pathogenic agent injurious to plants or plant products (FAO, 2008) ;
− concern models that can be potentially used for accurate and robust quantitative prediction of pest risk through the use of climate and / or plant growth and development as input factors;
− be published in peer-reviewed journals, proceedings, and other publications, as well as in reports from competent authorities/organizations, or be available on web-sites and in computer programs;
− describe or contain a model whose model structure is transparent and reproducible;
− have been published within December 2008.
Based on these eligibility criteria, commercial software solutions that are not supported by peer-reviewed publication and that lack description of the algorithms should not be included in the Mopest inventory.
Search strategy Mopest
14 Generally speaking, information searching is a sequence of interrelated actions. Every action determines the course of the searching, and thus affects its final result. Because the searcher's reasoning is a key to the success of the searching process, it is essential to adopt structured search strategies based on rational, pre-planned searching procedures and techniques. The search strategy of Mopest is structured based on the principle of planning the search according to four successive components: What, Where, Words, and the Working method (Zins, 1999) .
The What component refers to the phrasing of the search. Phrasing the search assignment is aimed at focusing the search by specifying the needed information. The process of phrasing compels the searcher to define the needed information in terms of distinct search assignments (Zins, 1999) . In Mopest, phrasing comes directly from the Mopest"s scope, i.e., models that simulate the pest in terms of presence/absence, prevalence, incidence, and severity as a function of weather variables and / or variables of the host plant (growth and /or development).
The Where component refers to the determination of where to search. Locating potential resources is usually easy for experienced searchers who are familiar with the relevant subject matter. The searcher must first locate relevant resources, using structured search techniques, before he/she can proceed to execute the primary assignment properly (Zins, 1999 The Words component refers to the selection of search-words. The search-words affect the precision of the results: they should generate adequate results, i.e., results that are not too broad or too narrow. Selecting suitable words requires some basic knowledge and skills. The searcher has to properly characterize the needed information, based on subject-related terminology; he/she should correctly spell the search-words by using printed or computerized references (e.g., dictionaries, spelling checkers, glossaries, and thesauri) (Zins, 1999) . In WP2 and WP3, published papers were searched by using combinations of keywords, as follows:
− (Latin name of the pest OR common English name of the pest/disease) AND (model OR simulation OR prediction OR forecast);
− when the name of a pest has recently changed, because of either nomenclature change or new taxonomic classification, the search was carried out for both the most recent and the old version of the name;
− when both the teleomorph and the anamorph participate in causing the disease under consideration, both their Latin names were used in the search;
− common English name of the host plant; if the pest is polyphagous the search should be repeated for each host;
− when the above-mentioned keywords do not produce any results, the search is repeated using Latin names of the higher taxonomic levels (e.g., from Claviceps purpurea to Claviceps). Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
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An example of how keywords are used is given in Figure 2 , which shows the input mask of the CAB Abstracts database. The complete list of the keywords used in WP2 and WP3 is reported in Table 3 and Annex 3.1, respectively. The Working method refers to how the information is retrieved. The working method depends on certain conditions (e.g., the features of the search tools or the resources, the nature of the assignment, the searcher's expertise, etc.). There are two basic methods of information retrieval: browsing and typing a query. Hypertext and hypermedia formats allow two kinds of browsing: "occasional" and "structured". Occasional browsing is based on associative links while structured browsing is usually used in hierarchical lists (Zins, 1999) . The following working method was defined for Mopest:
1. perform the literature search in CAB Abstracts database (or any chosen database); 2. review each paper found on the basis of information in the title and abstract: if the paper meets the eligibility criteria, it is considered of potential interest for Mopest; otherwise, it is discarded (note: term "potential" means that the papers could be discarded or used as a related reference of another entry, based on the information drawn from analysing the full text, as described in step 4 below);
3. retrieve the full papers considered of potential interest for Mopest;
4. review the full paper: if the paper meets the eligibility criteria, it is considered of interest for Mopest; otherwise, it is discarded or used as related reference of another entry;
5. select further papers from the "references" section of the papers found; these papers are then managed starting from step 3.
Mopest
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To make the process of selection / rejection of papers as transparent as possible, the criteria for excluding papers from the inventory was codified based on the eligibility criteria. Reasons for excluding papers were codified as follows:
1. the paper does not concern pest modelling;
2. the paper does not concern the kind of models of interest, i.e., weather-or climatedriven models, or models considering plant growth or development;
3. the paper concerns pest modelling, but the model is not described in a transparent manner (e.g., there are no equations), or it refers to pests or plants other than the one of interest, or it shows other mismatches with the eligibility criteria.
Reviewing method
An explicit, reproducible methodology was developed for reviewing the papers retrieved according to the search strategy previously described. For this purpose, a series of descriptors (metadata) that describe each source was defined.
A literature search was preliminarily carried out to analyse how models have been described and reviewed by others. Most of the information found focuses on ecological and crop models rather than on models for specific pests; therefore, only the aspects of interest for Mopest were considered from these sources. International standards and codes were used whenever possible. Some of the metadata of the protocol must always be filled, whilst others are not mandatory. A metadata was also included
Mopest
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to allow authorized users to include their notes and observations on the proper use or limitation of those models they have personally used and applied.
Web-based portal
This section deals with the technical aspects of the design and development of the web-based portal. The choice of building a web application resulted from a preliminary comparison of the advantages and disadvantages of creating a web application vs. choosing a desktop application. The term "web application" refers to an application hosted on a web server that is accessible by final users through a web browser (so called thin client) and an Internet connection. A "desktop application" is a self-contained (stand-alone) program that runs from a local drive and does not require a network or connectivity to operate. This comparison led to the decision to develop a web application. Advantages and disadvantages of a web application can be summarized as follows.
− Single installation (server side only): no installation is required for each client because only a web browser is needed to access the application; compatibility problems with the client platform are therefore avoided.
− Easy maintenance and upgrading: no need to maintain and upgrade several installations.
− Accessibility: 24 hours per day and 7 days per week; the application is accessible all the time and everywhere an Internet connection is available.
− Connectivity: an Internet connection is required to access the application; nevertheless, most potential users have access to an Internet connection.
− Speed: working online can be slower than working on a local machine. This disadvantage will be taken into account during the entire development cycle with the final goal of improving performance as much as possible.
− Security: working online involves security risks, and the network infrastructure that will host the web application should be properly protected through the adoption of a firewall or an IDS.
The web-based portal was designed with a clear and transparent structure to allow the following functionalities:
− easy and complete storage of the information on the reviewed models;
− fast and effective search of the pest models within the inventory;
− access to the model documentation.
Portal architecture
The EFSA"s standards for on-line procedures were adopted in designing the web-portal architecture. Oracle was used as the DBMS (Database Management System), and the Oracle Application Express (also called Oracle Apex) was the software. With Apex, which is a free software development environment based on the Oracle database, complex web-based Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
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applications can be created relatively rapidly. In this application, Apex runs in every web server thanks to an embedded PL/SQL gateway. The embedded PL/SQL gateway runs in the XML DB HTTP server in the Oracle database and includes the core features of mod_plsql. Figure 3 shows the Oracle Application Express architecture using the Embedded PL/SQL Gateway. No client software is required to develop, deploy, or run Application Express applications. On the final user side, the Mopest application is accessible by any computer equipped with a web browser. 
Database structure
The Oracle database required to run the web-portal was created starting from the metadata identified in Task 1.1. The main tables of this database are presented in Annex 1.2 (Mopest_database_structure). Several other tables have been created to manage the content of some dropdown menus (e.g., cities, languages, etc.), which are accessible through the database administration interface. The SQL dump of the Oracle database and the Apex application are also provided in Annex 1.3 and 1.4, respectively.
Portal design and functionalities
The web-based portal was designed to offer the typical functionalities of a database management tool: authorized users can enter, update, and delete information about sources, and can search within the inventory by keywords (either through a basic or an advanced search feature). Two kinds of user profiles have been defined: i) Standard Users are allowed to view the database content and search within it; ii) Power Users can view the database content, perform a basic or advanced search, and perform all the typical actions of a database administrator (enter, update, and delete the database entries). All the features of the Mopest web-based portal are described in the Mopest Manual.
Some screenshots of the web-portal are presented in Figures 4 , 5, and 6. As shown in these figures, the application was organized in different "folders" accessible through the labels on the upper-right corner of the screen. This presentation format was selected to avoid the need for long scrolling on a single page and to guarantee that each page is loaded quickly. Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
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The folder called MOPEST contains the following information:
-Bibliographic information of the main and the related references: in this section, reference details must be inserted following the CAB Abstracts standards, for both the main published paper on the model (i.e., the most relevant work describing the model or the last version of the model itself) and the related references (i.e., works related to the main reference, such as previous versions and validations, made either by the original researcher or another researcher).
-Contact information of the model's author: this part contains the full address of the person to be contacted for any need about the model (i.e., corresponding author, modeller, responsible party for the model, etc.); address details are drawn following WMO Core Metadata Profile and ISO11180.
-Record chronology: profile creation and modification dates are automatically generated by the system.
-Model subject: basic information about the model: acronym, name, and version.
-Identification of pests and hosts: pests and host plants on which the model is focused are defined by selecting the correspondent EPPO codes from a menu.
The folder called MOPEST 2 is structured as follows:
-Keywords: list of keywords drawn from the paper, as well as additional keywords, that clearly identify the model.
-Abstracts: original abstract from the published paper, as well as from additional sources, when available.
-Language(s): the language(s) of the published paper, following the standard ISO639-2.
-Subject categories: the broad subject class (e.g., crop science, soil science, environmental science, etc.) in which the model falls can be selected from a menu.
-Aggregation level: the aggregation level (e.g., organism, population, metapopulation) in which the model falls can be selected from a menu.
-Temporal and geographical coverage: geographic and temporal coverage of the model can be selected, specifying whether the model is limited to a specific geographic location or has a specific temporal range.
-Technical specifications: specifications that refer to the computerized version of the model can be indicated; examples of these specifications are: computer hardware required to store and operate the model, operating system requirements to run the model, other software requirements, computer language in which the modelling software was written, whether source code is available, existence of any access or use constraints or conditions.
-Type of model: the type of model can be selected from a menu (e.g., descriptive, analytical empiric, mechanistic, etc.).
-Scientific specifications: information about scientific aspects of the model can be indicated, including: flow diagram, mathematic details (steps or equations used by Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 20 the model to transform and / or manipulate the model inputs to the output), assumptions made by the author(s) for abstracting the model from reality, model uncertainty (i.e., the imperfect knowledge regarding the system to be modelled or concerning the model formulation that can trigger uncertainty of model output).
The folder called MOPEST 3 contains the following information: -Inputs concerning weather, pest, and crop: described here are the data sets required for processing the model, in terms of: measured variables (with the proper measurement time step, measurement methods, and instruments, etc.), calculated variables (i.e., how the input variables are calculated from measured variables; e.g., degree-days, vapour pressure deficit, etc.), input time step (i.e., the time step at which the variable is both measured and included in the model).
-Output: output produced by the model can be defined by describing the output details, specifying the time step at which the output is produced, and specifying any temporal extent.
-Model evaluation: information can be inserted about the procedures used for model evaluation, in terms of validation (i.e., the ability of the model to reproduce the behaviour of the real world), verification (i.e., inspection of the internal consistency of the model), sensitivity analysis (i.e., the study of model properties through changes in the input variables and the analysis of consequent effects on model outputs), uncertainty (i.e., imperfect knowledge regarding parameters, constants, input data, and assumptions of the model), and calibration (i.e., the procedures used to adjust some model parameters such that model behaviour matches the set of real-world data considered).
The folder called MOPEST 4 contains the following information:
-Model application(s): information can be inserted about the practical application, current limitations, and perspectives of the model, in terms of field(s) of application (i.e., the main purpose for which the model was developed and its current field of application), current limitation(s) (i.e., drawbacks to parts of the model based on the developer"s observations or on published literature about the model), future direction(s) (i.e., the potential future direction of work on the model based on the developer"s observations), and suggestion for proper use(s).
-Notes: comments and observations can be inserted concerning the proper use or limitation of the model.
A printable summary page of the selected model can be generated by both standard and power users from the folders called SUMMARY (Fig. 7) .
The folder called ADVANCHED SEARCH makes it possible to perform an advanced search of models within the inventory. The user can enter several keywords by specifying the fields to be searched for each term. The main advantage of this feature is that it enables the user to combine different search criteria in a single search. Some key metadata were selected to be used as search parameters for the advanced search (Fig. 8) . These metadata include, for instance, the full name of the model, keywords, author(s), year of publication, the pest"s Latin or common name, the plant"s Latin or common name, kind of input variables, etc. -Define the pest to be included in the study (see Section 2.1).
WP2: Feasibility study for wheat pest models
2.2
Test tools on wheat pest models -Use the protocol for filling the web-based portal for the pests included in the study (see Section 2.2).
2.3
Agree the results with EFSA -Discuss the results obtained in Tasks 2.1 and 2.2 with EFSA.
-Identify gaps in the protocol for the systematic literature review and / or documentation.
-Modify and improve tools accordingly.
Pest models for wheat
The choice of wheat pests to be considered for the feasibility study was based on their relevance and on their presence in the EPPO A1 and A2 lists or in other quarantine lists (specifically: CAN, Comunidad andina; OIRSA: Organismo internacional regional de sanidad agropecuaria; CPPC: Caribbean Plant Protection Organisation). Eleven pests were included in this list:
1. karnal bunt (Tilletia = Neovossia indica)
ergot (Claviceps purpurea)
3. leaf rust (Puccinia recondita)
powdery mildew (Blumeria graminis)
leaf and glume blotch (Septoria tritici and Stagonospora nodorum)
6. Fusarium head blight and related mycotoxins (Fusarium spp.)
7. bacterial leaf streak (Xanthomonas translucens pv. translucens)
8. barley yellow dwarf virus 9. Agriotes spp.
Russian wheat aphid (Diuraphis noxia)
11. cereal leaf beetle (Oulema melanopus)
Inventorying the wheat pest models
Mopest
The present document has been produced and adopted by the bodies identified above as author(s). In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 
Search strategy
The search strategy developed in WP1 was tested in WP2 for the selected wheat pests. The searching was structured according to the four components described in paragraph 1.1.3
What: models that simulate wheat pests in terms of presence/absence, prevalence, incidence, severity, as a function of weather variables and / or phenological variables of the host crop.
Where: searches were performed in the CAB Abstracts database (from 1972 to 2008), which was accessed by means of the Millennium Web Catalogue of the Università Cattolica between December 2008 and October 2009. For the first eight diseases listed above, the search was performed also in AGRIS database and the World Wide Web using Google as a search engine to verify the appropriateness of using the CAB Abstracts database for locating items to be inventoried in Mopest (see Section 2.2.4).
Words: the keywords used for each pest considered are shown in Table 3 .
Woking method: as described in Section 1.1.3. 
Search results
In total, 576 papers on wheat pests were found in the CAB Abstracts database. The abstracts of these papers were carefully analyzed, and 218 of them were considered for potential inclusion in the Mopest inventory; 358 papers were rejected because they did not meet the eligibility criteria. The papers of potential interest were retrieved for further analysis; of the papers of potential interest, however, 24 were not retrieved because they were either not found anywhere or they were not received from the libraries or contacted authors (these papers are listed in Annex 3.4 Not_retrieved_papers). Only 78 of the papers considered to be of potential interest were subsequently added to the Mopest inventory (see Annex 3.3: List of the reviewed literature) (Table 4) . Reasons for excluding papers are discussed in Section 2.2.3. The present document has been produced and adopted by the bodies identified above as author(s). In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.
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Although Table 4 indicates a total of 84 papers, the total number of models inserted into the inventory was only 78, because some of the papers describe models that dealt with more than one pest, e.g., the model simulates at the same time two or three of the following diseases: brown rust, leaf and glume blotch, and powdery mildew. Brown rust, leaf and glume blotch, and Fusarium head blight had the highest numbers of models because they are economically important diseases worldwide. Karnal bunt, whose causal agent is a quarantine pest for Europe, had fewer papers: of the five models for karnal bunt, three were developed in India and two in the US. For Claviceps purpurea, the causal agent of ergot, only two papers were found in the first stage of the search and both were considered unsuitable in the next stage. A further attempt was made to find relevant papers on ergot / Claviceps purpurea by repeating the search using the Latin name of the genus Claviceps (i.e., the higher taxonomic level) as a keyword, but no results matched the eligibility criteria. Thirty-three papers were found for the Russian wheat aphid and eleven for the cereal leaf beetle; none of the three papers initially found for Agriotes spp. was considered suitable because they focused on modelling the spatial distribution of the insect in soil but did not consider climate or plant data.
Reasons for excluding papers
Codified reasons for excluding papers from the inventory were tested during the selection procedure for the wheat eight pest models listed from 1 to 8 in Section 2.1. A summary of the proportion of papers discarded for various reasons is shown in Table 5 , while a record-byrecord list is provided in Annexes 2.1 to 2.8 (one list for each pest considered).
The most common reasons for rejecting papers were that the papers did not concern modelling or, if they did concern modelling, they did not use meteorological variables or plant (growth or development) data as input data (Table 5) . Table 5 : Codified reasons for excluding papers from the Mopest inventory, and percentage of the wheat pest models discharged (pests 1 to 8 of the list in Section 2.1).
Reason for exclusion Percentage of papers excluded 1. The paper does not concern pest modelling 52
2. The paper does not concern the kind of models of interest, i.e., weather-or climate-driven models, or models considering plant growth or development 29 3. The paper concerns pest modelling, but the model is not described in a transparent manner (e.g., there are no equations), or it refers to pests or plants other than the one of interest, or it shows other mismatches with the eligibility criteria. 
Comparison of literature sources
Mopest
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The completeness of the search performed in the CAB Abstracts database was evaluated by comparing the results obtained with the CAB database (shown in Section 2.2.1) with the results obtained with the AGRIS database (available at: http://www.fao.org/agris/search /search.do) and with the Internet (using Google as the search engine). Completeness was evaluated as the possibility of missing relevant papers by using only the CAB Abstracts database.
For searching in AGRIS, the same keywords adopted for searching in the CAB Abstracts database were used, modified as required to meet the specific syntax rules of AGRIS (see Table 6 ). The two searches differed in two main aspects: i) the CAB Abstracts database provides literature sources from 1972 to date, while AGRIS provides literature sources from 1975 to date; ii) information provided by CAB Abstracts includes abstract, title (in English), original title, broad terms, and heading words, while AGRIS provides the text as a default field (an option for selecting many fields at the same time is not available). These two differences were not considered as a constraint for a comparison between the two databases because i) three years of difference during the first half of the 1970s should not cause a significant difference in the amount of the literature sources found (in the results from the CAB Abstracts database, only 5 out of 520 records were dated before 1975); and ii) information provided by the two databases is comparable.
AGRIS provided results only for leaf rust, leaf and glume blotch, Fusarium head blight and related mycotoxins, barley yellow dwarf virus, and karnal bunt (Table 6 ). The complete lists of literature sources, obtained from the AGRIS database, are enclosed as single files (Annexes 2.9 to 2.14, one list for each pest considered). CAB Abstracts provided results for all the considered diseases. CAB was also far superior to AGRIS in terms of numbers of records found (e.g., 130 records for leaf and glume blotch were found in CAB and only 11 in AGRIS) (see Annex 2.15). Only a few records were found in AGRIS but not in CAB Abstracts. For instance, 19 records for leaf rust were found in AGRIS but not in CAB; nine of the 19 were considered of potential interest for Mopest, and six of the nine are Conference papers. It was considered that works presented at conferences are frequently only preliminary or partial results of complex research, which will be or had already been published in scientific journals. This consideration was confirmed in two of these cases.
Mopest
The present document has been produced and adopted by the bodies identified above as author(s). In accordance with Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. In the search made with Google, it was not possible to use the same set of keywords used in the previous two bibliographic searches because the searching system of Google does not allow the use of multiple groups of keywords connected by means of the Boolean operator "OR". In CAB and AGRIS searches, two sets of multiple keywords were used: one for selecting based on Latin names of the pathogen and the common name of the disease, and the other for selecting for the terms model, simulation, forecast, and prediction. Only the latter set of multiple keywords was used in Google, while the first set was substituted by the common name of the disease. The search was carried out both in Google web (http://www.google.it/)
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Considerations on testing the Mopest tools
WP2 made it possible to evaluate both the protocol for retrieving, reviewing, and documenting pest models, and the web-portal in a practical search focused on 11 pests of wheat. To obtain a reliable test, WP2 was carried out by two persons (one skilled in plant pathology and one in entomology) who did not participate in WP1. Therefore, these operators approached the protocol and the web-portal for the first time.
The results were satisfactory. The two operators required only a short time to become confident with both the protocol and the web-portal. They judged the protocol clear, rationale, flexible, and easy to use for finding papers, evaluating their relevance in relation to the eligibility criteria, and extracting the relevant metadata. Similarly, they reported that the webportal was easy-and fast-to-use. Based on their comments, however, some minor changes were made to make it easier to compile some fields of the web-portal and to reduce the possibility of errors.
The number of papers on wheat pest models retrieved using the Mopest search strategy was high. Apart from those pests for which papers of potential interest were not retrieved in full form (i.e., some models on rust, powdery mildew, and Septoria blotch, and one model for karnal bunt and the Russian wheat aphid), the inventory of models for wheat pests may be considered complete. Comparison between the results obtained by using CAB Abstracts and AGRIS databases and Google for searching in the World Wide Web showed that the CAB Abstracts database may be considered the primary source of literature for the Mopest inventory, and that no relevant papers may be missed using this resource. -Review the significant pest models identified in literature using the protocol tested in WP2 (see Section 3.1).
WP3: Systematic review of plant-pest models
3.2
Produce an electronic list of references -Produce an electronic list with complete citation and abstracts of the references identified (see Section 3.1).
3.3 Implement the web-based inventory -Implement the inventory in the web-based portal tested in WP2, with the review literature from Task 3.1 (see Section 3.31). Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 
3.4
Produce a manual to continue the inventory by EFSA -Produce a clear and complete manual to be used by EFSA for continuing the inventory (see Section 3.2).
Review of models for the EU quarantine pests
WP3 focused on the 175 pests listed in the EPPO A1 list (available at: http://www. eppo.org/QUARANTINE/listA1.htm). The literature search was performed by using the CAB Abstracts database and the same methods used in WP2. The keywords used were taken from the specific data sheet for each pest available on the EPPO website; names of the host plants were not included as keywords because the search focused on pests and not on particular hosts. Keywords used for the 175 pests are listed in Annex 3.1.
Results of this activity were summarised in Table 9 by grouping pests in macro-categories (bacteria and phytoplasmas; fungi; viruses and virus-like organisms; insects and mites; nematodes); details are provided in Annex 3.1 (Bibliographic search_EPPO_A1). The search provided 1,739 records. Out of a total of 176 pests, almost one-third (52 pests) did not have any records; this occurred especially for insects and mites (26 pests) and fungi (15 pests), while all the nematodes had at least one record. Only 244 (14%) of the 1,739 records were considered of potential interest for Mopest: 57 were related to diseases caused by phytoplasmas, bacteria, fungi, viruses, and virus-like organisms; and 187 were related to insects, mites, and nematodes (see Annex 3.2, Selected_References_ EPPO_A1, for details). At this stage, the most common reasons for rejecting papers were: "2. the paper does not concern the kind of models of interest, i.e., weather-or climate-driven models, or models considering plant growth or development", or "3. the paper concerns pest modelling, but the Article 36 of Regulation (EC) No 178/2002, this task has been carried out exclusively by the author(s) in the context of a grant agreement between the European Food Safety Authority and the author(s). The present document is published complying with the transparency principle to which the European Food Safety Authority is subject. It may not be considered as an output adopted by EFSA. EFSA reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors. 34 model is not described in a transparent manner (e.g., there are no equations), or it refers to pests or plants other than the one of interest, or it shows other mismatches with the eligibility criteria".
The 244 papers considered of potential interest were acquired from the library system of the Università Cattolica, directly from the author, or from Italian and international libraries. Unfortunately, 71 papers were not retrieved from the libraries or authors; the complete list of these papers is in Annex 3.4. Thirteen of the papers of potential interest were translated from the original language (Chinese, German, Italian, Japanese, Persian) to English. The analysis of the entire papers led to the rejection of some, and some papers were used as related references for other papers rather than as an entry on their own. The list of these records is provided in Annex 3.3 (List of the reviewed literature) as full bibliographic reference, related reference(s), acronym, and abstract.
The inventory of models for the pests listed in the A1 EPPO list may be considered almost complete. In fact, there are pests for which papers of potential interest were not retrieved in full form; some of these papers could contain models of interest for Mopest, and they should then be added to the inventory. Moreover, it is possible that a few papers not reviewed in the CAB Abstracts database contain models that meet the eligibility criteria for inclusion in the inventory. Based on the results from WP2, however, the probability of this is considered low.
Production of the User's Manual
The manual to continue the inventory by EFSA was produced and enclosed in the Annex 3.5 (Mopest_Manual). The Manual provides guidance for the use of the Mopest inventory.
Instructions are given to those users (Standard Users) who need to consult the inventory for retrieving models on pests and to those users (Power Users) who instead intend to improve the inventory by adding new entries and / or modifying those previously inserted. Examples are also provided in the Annex.
Conclusions and Recommendations
CONCLUSIONS
The Mopest project produced tools that make it possible to: i) perform a structured and systematic search of the literature concerning the models that describe the establishment, development, and/or spread of plant pests and that have been published in peer-reviewed journals, proceedings, and reports, or are available on web-sites and in computer programs; ii) review the retrieved literature, extracting the relevant information and documenting each model in a structured, transparent, and efficient manner through a series of descriptors (metadata); iii) insert the information into the inventory through a user-friendly web-based portal that allows the on-line entry of new models and modification or updating of the existing ones; iv) search the models within the inventory by using both basic and advanced search procedures of the web-portal, and to then document and summarize the results in a clear and concise way.
At the end of the Mopest project, the inventory contains about 200 models related to 11 pests of wheat and to the quarantine pests for Europe as listed in the EPPO A1 list. For these pests,
Mopest
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the literature retrieved using the search strategy developed within the project may be considered complete. It is still possible that a few papers not reviewed in the CAB Abstracts database used for the search contain models that meet the eligibility criteria for inclusion in the inventory; based on the project results, however, the probability of this event may be considered low. Unfortunately, the inventory needs to be completed, because there are papers that have been considered of potential interest that were not retrieved in full form before the project ended. When these papers become available in the future, the information they contain should be added to the inventory if the information meets the Mopest eligibility criteria.
RECOMMENDATIONS
The Mopest web-portal is a useful tool for the searching of pest models important to the EFSA Panel on Plant Health. The web-portal will therefore support the EFSA Panel on Plant Health in providing independent scientific advice on the risk of the spread, establishment, or development of organisms (plant pests) harmful to plants, to plant products, or to biodiversity. Nevertheless, the inventory needs to be enlarged and regularly updated. In awareness of this need, the web-portal was designed so that information about new models could be included and information about included models could be modified.
These functionalities are "ready-to-use": the web-portal is accessible via the Internet by any browser through a user name and a password; with the assistance of the manual and the online help, any person with a minimum of experience with web applications can use the web-portal. However, caution must be exercised in defining people who can access the web-portal as power users. Both the insertion of new information and the modification of existing information require a wide knowledge about pest modelling. All the processes that lead to the insertion of new pest models into the inventory require expertise, from searching the specific literature that meets the eligibility criteria to analysing the papers and extracting the relevant metadata. Misinterpretations of what the author(s) said in the original paper and / or errors in implementing information are difficult to check by a standard user and can lead to a misuse of the information.
Notwithstanding the efforts made for rendering the inventory clear and transparent, standard users will need a basic expertise in pest modelling to understand the information contained in the inventory. In addition, it must be emphasized that the web-portal is designed to search for models within the inventory and to extract relevant information for documenting and comparing models; users who require a complete understanding of a model or who intend to apply a model will need to access the original paper.
Finally, the web-portal will require maintenance and probably periodic revision for meeting new needs or adding new functionalities. Such maintenance and revision could be performed by the EFSA staff, using the EFSA IT standards for developing databases and software.
